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SUMMARY 


A description is given of the PERT critical-path cost system and our experi- 


mental testing and evaluation of the IBM 7094 PERT Cost II program for poten- 
tial Navy, Point M<eev use. Networks for two hardware projects, one manage- 
ment project, and a laboratory building project were successful, The PERT 
system and capability developed are available for cooperative implementation. 


The experience gained through the use of PERT at PMR indicates the fol- 


lowing: 


1. 


The PERT critical-path cost svstem for managing and allocating time and 
resources and evaluating performance should be established at PMR, by 
phasing it in, proiect by project. The initial effort should be to establish 
individual project time, manpower, and performing organization PERT 
network and manuai update reporting, 


Major and immediate improvement in planning and performance can be ex- 
pected since this is the common experience, Dollar savings follow as a 
natural consequence of improved »erformance and automation. 


Many present managers are generally familiar with the PERT system, This, 
together with the available checked-out IBM PERT Cost {Il computer pro- 
gram, will save training, programing time and cost. 


The effort will fail without the dedicated contributions of PERT analysts and 
experts; routine computer report processing, review, and expediting by a 
computer services group; estimates and progress reviews by the performing 
groups; management review and action at all levels based on these networks 
and reports, 
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INTRODUCTION 


A major improvement in project control has grown out of the Program 
Evaluation and Review Technique (PERT) which was developed and implemented 
as a management tool by the Navy's Special Project Office in the POLARIS pro- 
gram. PERT has come to mean a management planning and analysis tool which 
uses a graphic display called a network to make clear the limitations, restric- 
tions, and relationships resuiting from the interrelations between the various 
tasks which, when completed in a time sequence, comprise the project. PERT 
has been heralded as "a decisive landmark in management technique and a de- 
vice of unlimited potential." It is required by the Office of the Secretary of 
Defense, the Secretary of the Navy, and the Chief of Naval Material on desig- 
nated projects. Considerable familiarity with PERT and critical-path methods 
is assumed in this report. The references, especially the IBM PERT Cost {i 
manual will prove useful, 


The PERT network consists of a series of activities (tasks), some ot which 
can be done simultaneously (in parallel), while conie require the completion of 
others before they can be started (series), Updating the network and preparing 
the various reports for a complex project requires a high-speed computer and 
a substantial programing effort. A fundamental notion is the "critical path" of 
the network. A delay in the completion of any activity on the critical path will 
cause exactly that delay in the completion date. Networks should be periodically 
updated to include any changes, reprograming, etc. Reports which reflect the 
consequences of various alternatives can be produced at any time. As the pro- 
ject progresses, the up-to-the-minute summary and cetail reports and estimates 
necessary for managers to manage, are automatically provided. These can in- 
clude cost analyses, if desired, 


The PERT critical-path cost system was designed as a total management 
information system, It provides a tool so that three management variables, 
time, resources, and performance can be managed, allocated, and evaluated 
with respect to a common framework. The framework consists of ail work ele- 
ments of the project from the top down through the successive project levels 
representing the systems, subsystems, etc., which make up the project. The 
traditional triangular organizationa: chart, common to ali disciplined and inte- 
grated management, provides the responsible organization and performing group 
for each project element, The organizational chart ulso indicates the level of 
project report detai! required, 


The PERT system utilizes existing management and administrative tools 
and processes, integrating them into a disciplined planning, control, and re- 
porting instrument for the project manager. The systein design is direct, con- 
tains a minimum of cumplexity, and requires minimum effort to use, It will not 
succeed unless it is really adopted by the manager and his staff as the primary 
instrument for review and instilling discipline and validity into project planning, 
control, and reporting, This is true even though its use is required by higher 
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authority. It will fail unless over-all administrative and individual program, 
project, staff, and suppo”cing personnel understand the system and the benefits 
which will accrue to al! facets of management through its use. 


Required inputs to the I3M PERT Cost Il computer program are: (1) esti- 
mates of (a) man: days by skill category required to complete a given activity, 
(b) working davs from start to finish of a given activity, and (c) the cost per 
skill cateyory, the overhead costs, material costs, budget, equipment costs, 
etc. ; (2) tke management structure for the performing groups and skill cate- 
gories; (3) actual man-hours expended, dollars expended, and event completion 
dates; and (4) level of detail required at each management level including mile- 
stone events. A required operational rule is that this managenient reporting 
scructure be developed before any direct project work is performed and used to 
the completion of the proiect. The gross work breakdown structure should be 
established when the project is first proposed and continually refined throughout 
the life of the project so that at any instant in time, there exists a common 
agreed-to management base for all project participants, Project progress in 
terms of time, resources, and performance is evaluated against this structure. 


Network development is best done as a team effort. Members of the team 
should include members of the performing groups responsible ‘or major ele- 
ments of the project, experts in the use of the system and its capabilities, and 
members of the planning staff. The network and all estimates should be devel- 
oped jointly, i.e., each member should make his inputs in the presence of the 
other members. This is an effective way cf pinning down responsibilities and 
fosters an exchange of ideas which gives each member a better feel for the pro- 
ject as a whole. As the projec: progresses, the cstimates and the network 
should be continually reviewed and changed where appropriate to take advantage 
of actual operating experience and to adjust to changing conditions. 


The IBM PERT Cost II program is a debugged operational program available 
for computer processing of project data and production of appropriate reports. 
Two unusual features are available in this program: (1) the subnet approach toa 
network, and (2) summarization. The project may be composed of several rela- 
tively independent subprojects. A network for each subproject may be produced, 
These networks for the subproiects are called subnets. Prescribing the inter- 
faces between the subnets instructs the computer how to integrate the subnets 
into a complexe network for the project. Individual project networks can be inte- 
grated into a network for all srojects within wide limits as to number ci projects 
and number of activities. A network may be sur marized, that is, reduced toa 
network composed of only the milestone events, showing the time contraints 
imposed by the detail netwock, These are some of the reasors why the most 
Suitable projes! ~ - PERT are those in which frequent replanning and redirec- 
tion are reqt 
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PERT EXPERIENCE 


The following four semi~experimental networks were constructed, tnree 
were with the cooperation of the Technical Support Directorate, and one was 
with the cooperation of Naval Missile Center personnel: 


1. Mobile Diving Support System (MDSS). 

2. Technical Support Management Information System (TSMI). 
3. HYDRA 5 (HYD 5), 

4, Simulation Laboratory (SIML). 


MDSS and HYD 5 were hardware procurement and construction projects nearing 
completion in the Technical Suppoi't Directorate. TSMI was 2 plan for the de- 
velopment and implementation of a management reporting system to be as com- 
plete and automated as efficiency and economy would dictate. SIML was the 
budgeting, constructing, and equipping of a simulation laboratory. 


MDSS and HYD 5 networks were constructed from information obtained by 
personal conference with representatives of the performing groups. TSMI was 
the outgrowth of daily discussions of a task group charged with the responsibil-- 
ity for developing such a system. It was instructive to all members of the task 
group to observe that progress really began once the TSMI network had been 
drawn up, digested, and used as a scale to measure progress. SIML was a 
learning exercise for Naval Missile Center, Operations Research Group, and 
IBM perconnel with data supplied by any knowledgeable person in the group. 
Appendixes A, B, C, ana D contain (1) manual networks with input data, and (2) 
sample computer outputs of (a) activity time status in order of primary slack at 
reporting levels one and detail, (b) program function bar charts, and (c) the up- 
dated networks at levels one and detail for all four networks. Appendix E con- 
tains some samples of cost and other summary reports for the MDSS project. 
Similar samples for the other networks are available. These samples are a 
few of the literally hundreds of monitoring-type reports available. 
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APPENDIX A 


MOBILE DIVING SUPPORT SYSTEM (MDSS) 


INTRODUCTION 


Figure 1 is the manual network, The numbers in circles are events. The 
boxes represent activities with title, performing group, and either working days 
to complete and man-days oi effort or actual completion date. The numbers 
within the boxes are the cycle code numbers for the program function bar chart, 
The manually prepared network is usetul for comparison, 


Next follow the compu_2r-printed activity time status reports most useful 
for highlighting activities which are critical to or actvally endangering the com- 
pletion date for the activity and the project, which activities can safely be de- 
layed and by how much, The program function bar chart displays graphically 
the progress of large blocks of the network designated by the cycle code, The 
updated network block is the description of the event or activity and its slack. 
Dates of the runs are at the top of the sheet. The number above the box is the 
successor event, The number underneath the box is the :ode of the performing 
organization preceded by an A if the activity is completed. 


NOTES 
1 NUMBERS SLTHIN CIRCLES ARE EVENTS. 


2, BOXES GIVE ACTIVITY SIX-DIGIT NUMBERS ANE ORGANIZATIONAL COVE 
OF PERFORMING GROUP DATES ARE SCHEDULED COMPLETION DATES 
NUMBERS IN RIGHT-HAND CORNER GIVE CYCLE CODE FOR THE PROGRAM 
FUNCTION BAR CHART. 
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Figure 1. MDSS Network. 
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TECHNICAL SUPPORT MANAGEMENT INFORMATION (TSM!) 


INTRODUCTION 


Figure 2 is the manual network. The numbers in circles are events, The 
boxes represent activities with title, performing group, and either working 
days to complete and man-days of effort or actual completion data. The num- 
bers within the boxes are the cycle code numbers for the program function bar 
chart. The manually prepared network is useful ror comparison, 


Next follow the computer-printed activity time status reports most useful 
for highlighting activities which are critical to or actually endangering the com- 
pletion date for the activity and the project, which activities can safely be delayed 
ard by how much. The program function bar chart “isplays graphically the 
progress of large blocks of the network designated by the cycle code. ‘The up- 
dated network, as output by the computer, is next. In the network block is the 
description of the event or ac.ivity and its slack. Dates of the runs are at the 
top of the sheet. The number above the box is the successor event. The num- 
ber underneath the box is the code of the performing organization preceded by 
an A if the activitv is completed. 
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APPENDIX C 


HYDRA 5 (HYD 5) 


INTRODUCTION 


Figure 3 is the manual network. The numbers in circles are events. The 
boxes represent activities with title, performing group, and either working days 
to complete and man-days of effort or actual completion date. The numbers 
within the boxes are the cycle code numbers for the program function bar chart. 
The manually prepared network is useful for comparison. 


Next follow the computer-printed activity time status reports most useful 
for highiirhting activities which are critical to or actually endangering the com- 
pletion date fo. the activity and the project, which activities can safely be de- 
layed and by how much. The program function bar chart displays graphically 
the progress ot large blocks of the ne. ork designated by the cycle code. The 
updated network, as output 5, ine comput:r, is next. In ‘he network block is 
the description of the event or activity and *‘s slack. Dates of the runs are at 
the top of the sheet. ‘he number ahove the box is the successor event, The 
number underneath the box is the code of the performing organization preceded 
by an A if the activitv is completed. 
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APPENDIX D 


SIMULATION LABORATORY (SIML) 


INTRODUCTION 


Figure 4 is the manual network, The numbers in circles are events. The 
boxes represent activities with title, performing group, and either working days 
to complete and man-days of effort or actual completion date. The numbers 
within the boxes are the cycle code numbers for the program function bar chart, 
The manually prepared network is useful for comparison. 


Next follow the computer-printed activity time status reports most useful 
for highlighting activities which are critical to or actually endangering the com- 
pletion date for the activity and the project, which activities can safely be de- 
layed and by how much. The program function bar chart displays graphically 
the progress of large blocks of the network designated by the cycle code. The 
updated network, as output by the computer, is next. In the network block is 
the description of the event or activity and its slack. Dates of the runs are at 
the top of the sheet. The number above the box is the successor event. The 
number underneath the box is the code of the performing organization preceded 
by an A if the activity is completed. 
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APPENDIX E 


SUMMARY REPORTS FOR MDSS PROJECT 


INTRODUCTION 


This appendix contains the computer output sheets in the order that they are 
printed. Refererce to the manually prepared network is useful to locate the net- 
work activities and events by naine and number. Some reports, especially fin- 
ancial reports, have limited data since only limited data were input. 


The computer output sheets are organized as follows: 


Pege 

Computer output section]. Input Data... ........2.... £4135 

Computer output section 2. Ten-Year Calendar .., . = 33 168 

Computer output section 3. Summary Reports to Performing op : 170 
Computer output section 4 Program/Project Status Report to 

Top Management... . eo ltweta toc 24S 

Computer output section 5. Program Function Bar Chart Sou Hi ok ee ta: | 


Computer output section 6. Time Status Report :v Top Management. . 247 
Computer output section 7 Event-Oriented Network at Level One . . 248 
Computer output section 8. Activity Time Status Report and Event- 

Oriented Network at Level Two . . . . . 250 
Computer output section 9. Activity Time Status and Activity- 

Oriented Subnets for Subnets MDSA 


Through MDSI..... . .« 263 
Computer output section 10. PERT Cost Outlook: Astual, “pudeeted; 

Outlook, Value... . . oe cae  ULEG 
Computer output section 11. PERT Cost Outlook: Actual, Pudeetad, 

Outlook... . d Oo Cebe 
Computer output section 12. Incremental Gnitiadie de tial Budgeted: 

Outlook... .. i poe a he ES 
Computer output section 13. Cost: Manhours aiid Dollars Sag Js gouge ete 
Computer output section 14. Financial and Status Report by Months . . 283 
Computer output section 15, Cost Status by Resource Code... 2. 2 286 
Computer output section 16, Organization Status, Financial Plan and 

Status: Subnets MDSA Through MDSEP. 2.0.00 220 


Computer output section ! Activity Time Status Reports, Event- 
Oriented Diagrams Subnets MDSA 


Threugh MDSI. 0... . i ovade et nie erage 
Notes: 
In Computer output section 2, ar asterisk represents acworking dav. to com - 


puter output section 6, the preceding event and succeeding event numbers and 


wetivity Coseription can be ased to Pocate this adetiaadty) in the manual or computer - 


produced proyect aetwork, The cero stack ems (fhe iicst activities assted 4 


at 


3h 


the report) form the critical path. Negative slack activities would head the list. 
The A, D, or X in front of the dates mean, respectively, actual, occurs in the 
next 30 days from the run date, or has passed. In computer output section 4, 
the final four pages comprise a single event-oriented diagram. 
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SUBNET IDO mOSA 
5 © PRED, SUCC. TC DESCRIPTION A m6 6B OUTt SOM. ACTL. DEPT. SUBNET GR 
A 1s START MORILE OLVING SUPPORT OLAPROS 411300 MOSA 20 
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14] 


4. paras Ancona 


NETWORK 10. Trsu 


SUANET 1D SOSA ( 
ML PRED. SUCC. CHARGE NUMBER DEPT. ACT/SCH MILESTONE DESCRIPTION SUUMET GR 
A 2 00000 00020 411300 ol JuLos VAN SPECIFICATIONS MDSA 22 
‘ A 2 00000 00031 411300 O10C T64 GENERAL DESIGN HOSA 22 
a & 2 00000 0n040 411300 30N0V64 DESIGN DIVERS SUPPORT MDSA 22 
a & 2 00000 00050 411300 244 RO6 SUPPORT EQUIPMENT SPEC. MOSA 22 
if a 1 00000 d0911 411300. O1APRO4 START MOBILE DIVERS SUPPORT MOSA 22 
i & 7 00000 o0010 041220 = O2AP ROS ENO PLANNING CONFERENCE MOSA 22 
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